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Abstract

We introduce a novel approach for gait transfer from un-
constrained videos in-the-wild. In contrast to motion trans-
fer, the objective here is not to imitate the source’s motions
by the target, but rather to replace the walking source with
the target, while transferring the target’s typical gait. Our
approach can be trained only once with multiple sources
and is able to transfer the gait of the target from unseen
sources, eliminating the need for retraining for each new
source independently. Furthermore, we propose a novel
metrics for gait transfer based on gait recognition models
that enable to quantify the quality of the transferred gait,
and show that existing techniques yield a discrepancy that
can be easily detected.

We introduce Cycle Transformers GAN (CTrGAN), that
consist of a decoder and encoder, both Transformers, where
the attention is on the temporal domain between complete
images rather than the spatial domain between patches. Us-
ing a widely-used gait recognition dataset, we demonstrate
that our approach is capable of producing over an order
of magnitude more realistic personalized gaits than existing
methods, even when used with sources that were not avail-
able during training. As part of our solution, we present a
detector that determines whether a video is real or gener-
ated by our model.

1. Introduction
The goal of this paper is to provide both a novel approach

and a detection mechanism for gait transfer from videos
in-the-wild. The objective is to replace a walking person
(source) in a video sequence with photorealistic images of
a different walking person (target), such that the resulting
gait is identifiable as the target’s while still mimicking the
source’s basic motion.

Our approach learns directly from an unpaired collec-
tion of unconstrained videos in-the-wild containing walk-
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ing people. We avoid the need for paired data and the need
to disentangle the walking patterns into different represen-
tations and learn directly from the 2D frames. We train our
model to translate multiple sources to a single target, so at
inference time it can generalize to unseen sources without
the need for retraining.

Motion transfer methods aim to synthesize a video in
which one individual is acting in accordance with that of
a different individual in a given real video. A growing body
of research has been conducted on this topic, which has
led to the development of advanced detection [33, 27, 10]
and enhanced motion transfer techniques [44, 10]. As a re-
sult of their mutually reinforcing relationship, motion trans-
fer technology can produce convincingly realistic images
and videos through deep learning-based manipulations. Us-
ing the whole-body motion transfer approach that directly
works on unconstrained videos [10] for gait transfer has the
following key limitation: it attempts to replicate the pre-
cise movements of the source; rather, the goal of gait trans-
fer is to translate the typical motions and appearances of
the source into those of the target, adjusting for varied an-
gles, paces, and shapes. To address this limitation we intro-
duce CTrGAN for gait transfer. It transfers a series of poses
from the source to the target while maintaining the natural
movements of the target. Sources may vary in viewpoint,
shape, and pace. It is based on Transformers [41], which
have proven to be successful in translation tasks. Similar to
NLP’s models [47, 7], each Transformer consists of an en-
coder and a decoder. As a result, we can successfully trans-
late between the sequences of poses of the sources and the
targets. Our Transformer model performs self- and cross-
attention in time rather than in image space, capturing the
dynamic of the object. In order to generate unseen natural
poses of the target, our model is trained in an unsupervised
manner on unpaired data. This is in contrast to prior whole-
body motion transfer approaches that required paired data
(e.g., [43]). Figure 1 shows our method.

The quality of whole-body motion transfer is often eval-
uated in a supervised manner, based on the ability to ap-
proximate a pose and appearance of the target unseen during
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(a) (b) (c) (d) (e)

Figure 1: CTrGAN transfers the poses of the source to the target, while maintaining the natural gait of the target. From left
to right: (a) The source’s image is converted to (b) DensePose’s [20] IUV format. (c) Our model translates the IUV of the
source to the corresponding most natural IUV pose of the target by synthesizing a novel pose. (d) The generated pose is very
similar (but not identical) to an exiting real pose in the dataset. (e) The generated pose is rendered to a corresponding RGB
image of the target.

training but available in the test set. In our case, in addition
to the appearance, the objective is to measure the transla-
tion of the gait pattern (i.e. the dynamic) from the source
to a typical gait pattern of the target. In many cases, there
are no one-to-one correspondences between each frame in
the newly generated dynamic of the target and the existing
ones already included in the dataset, and therefore it can not
be evaluated directly in a supervised manner. We propose
employing state-of-the-art gait recognition algorithms [38]
to evaluate the quality of the gait transfer. The quality is de-
termined by the accuracy with which newly generated poses
are recognized as the target’s gait. In order to provide accu-
rate measurements in all scenarios, we use several different
algorithms [11, 16, 28]. As a way of assessing the appear-
ances of unseen poses, Chamfer’s distance [6] is used.

Our model includes two networks: (a) CTrGAN, which
translates the poses of the sources to the poses of the target,
and (b) pose-to-appearance, which renders the appearance
of each pose. For the latter network, we deploy an indepen-
dent state-of-the-art existing approach.

This paper contributes by (a) introducing an approach for
gait transfer from unconstrained videos in-the-wild, as well
as evaluation metrics; (b) presenting Cycle Transformers
GAN with temporal attention that can generate realistic gait
patterns of the targets and a corresponding detector; and (c)
demonstrating the effectiveness of our approach based on a
standard gait recognition dataset, showing that it can gener-
alize to unknown input sources, yielding the desired gait in
an order of magnitude more cases than previous methods.

2. Related work
Pose-to-Pose/Appearance A variety of methods have

been introduced for the generation of video sequences of
the target based on semantic input, including facial mo-

tion transfer [35, 26, 4, 40] and whole-body motion trans-
fer [10, 12, 43, 44, 32, 48]. These methods are based on the
ability to accurately estimate the pose [20, 8] and also on
image-to-image translation models [45, 51]. They are either
explicitly trained for each source [10] or can be trained only
once [43] as our approach. In contrast to previous works,
our goal is to generate the personalized gait pattern of the
target to best match the gait of the source rather than to ac-
curately imitate the original motion of the source. Building
on the recent advances, we employ [10, 44] as our pose-to-
appearance network where the input is the generated poses
of the target and not the source’s poses. Our experiments
demonstrate the benefits of CTrGAN over the direct use of
[10, 44] for gait transfer. In the context of computer ani-
mation, [1] introduced motion style transfer. However, they
require a separation between the walking style and its con-
tent and 3D joint positions whereas we learn directly from
the images containing the walking persons without disen-
tangled representations.

Gait Recognition. In recent years, various works have
been proposed that use neural network models to identify
people based on their gait [11, 16, 39, 13]. GaitSet [11]
considers the gait as a set consisting of independent frames
and recognizes it based on a sequence of silhouette images.
GaitGL [28] relay on both global visual information and
local region details and introduced attention between adja-
cent frames. GaitPart [16] uses a novel part-based model to
characterize the gait. We use GaitSet, GaitGL, and Gait-
Part models to assess the quality of the generated video
sequence. When the source in the video sequence is re-
placed with the target, the identified gait should be replaced
as well. We show that for previous approaches, a gait is still
readily associated with its source while using our approach
it is considered to belong to the target.
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Visual Transformers. Transformers [41] are proven ar-
chitectures in the field of Natural Language Processing [7],
and several works have been done in recent years to adapt
them to computer vision [30, 14, 23, 29]. The Transformer
model is shown in [41] consists of two main components:
an encoder and a decoder, which jointly process the input
sequence, based on the self-attention mechanism. Early
works [30] adapted Transformers to the image domain.
Even though this work demonstrated its ability only on very
small images, it paved the way for broader works that ad-
dressed common challenges such as object detection [9] and
classification [14]. Recently, several works [23, 49, 24]
have been presented which show that Transformers can also
be incorporated into the GAN architecture for image gener-
ation tasks. Unlike previous approaches, our method trans-
fers motion between domains cyclically using unpaired data
[51, 5] and is based on attention in the temporal domain.

3. Method
CTrGAN differs in the following ways from CycleGAN

and standard Transformer-based architecture. First, unlike
CycleGAN, it cycles between domains by using a series of
images rather than individual images. Second, unlike Cy-
cleGAN and Transformers, the attention is on the tempo-
ral domain between consecutive images and not between
patches of the same image. This allows us to incorporate
the target’s gait pattern into the source’s gait pattern trans-
fer process. Third, we do not use positional encoding due
to the approximate cyclic pattern of gait. Figure 2 depicts
a schematic illustration of our Natural Gait Retargeting ap-
proach.

3.1. CTrGAN Architecture

The Cycle Transormer GAN (CTrGAN) consists of three
main ingredients: features extractors, Transformers, and a
cyclic process. We denote I = {Ij}Mj=1 as a collection of

RGBA images and P = {Pj}Nj=1 as a collection of IUV
images [20]. Isij ,Psi

j and Itj ,P
t
j denote the corresponding

jth image of the source and the target from the correspond-
ing collection, respectively. In the following, we describe
the details with respect to the target. Details regarding the
source are derived in a similar manner. Below, the values in
parenthesis represent those that we use in our implementa-
tion.

3.1.1 Transformers.

The Transformers follow the same architecture as presented
in [41]. Originally, Transformers were designed to handle
sequences and consisted of two components, an encoder,
and a decoder. The encoder is designed to handle informa-
tion that remains constant throughout the series, while the

decoder is designed to handle the continuous flow of infor-
mation. The encoder and decoder consist of several chained
attention blocks, and each receives three types of data as
input: Keys, Values, and Queries (hereafter K, V, and Q).

3.1.2 Keys

The Keys of the target are selected from the images’ col-
lection whose feature vectors are the closest to the cluster
centers. Let Uj denote the feature vector of image j:

{Uj} = PCA(V GG16({Pt
j}j=1..N ), d), (1)

where V GG16 [37] are the features of the last layer (clas-
sifier) of the pre-trained VGG 1 [37, 31] and d is the PCA
dimension (d = 100).

Ck denotes the center of the clusters as obtained by the
K-means clustering:

{Ck} = Kmeans({Uj},m), (2)

where m is the number of centroids (m = 18). Finally,
the Keys {Kt

k} are defined as:

Kt
k = {Pt

pk
} , pk = {argmin

j
∥Uj −Ck∥2}. (3)

Samples of the Keys that were used for one of the sub-
jects can be seen in Figure 4a.

3.1.3 Queries

Given an input sequence Pt, the queries are a sliding win-
dow of lw consecutive frames (lw = 3). We begin with
a given frame and advance one sample at a time. During
training, we choose a subsequence of length L at random
and begin with its first frame. We process the entire series
from beginning to end during inference.

3.1.4 Features Encoders and Decoders

Given an IUVA image Pt
j ∈ R4×H×W , where IUVA is an

IUV image with an additional alpha layer, we generates a
feature tensor Ut

j ∈ R256× H
64×

W
64 . The feature encoder FT

is a 5-layers CNN followed by 4 strides max-pooling (see
Supplementary for more details).

The CTrGAN model includes two pairs of encoders (FT

and FS), where each of the pairs shares weights. All four
feature encoders (shown in Figure 3) have the same struc-
ture. The HT and HS decoders are identical to the FT en-
coder, except that they operate in the other direction. The
discriminators Dt→s and Dt→s (Figure 3) are 5 -layers
CNN (see Supplementary for more details).

1Trained on ImageNet-1K
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Figure 2: The generators of CTrGAN are based on transformers. The inputs to each generator are IUVA gait images from
the training set and Keys. The outputs are natural gait poses. See the text for further details.

Figure 3: CTrGAN consists of two branches that are con-
nected cyclically, feature encoders and decoders and Trans-
formers which perform self- and cross-attention between
the features.

3.1.5 Cycle Transformer GAN

Figure 3 shows the architecture of CTrGAN . We denote
the source images collections as Φsi = {Isi ,Psi}i=1..N

and the target image collection as Ψt = {It,Pt}. We de-
fine two networks Gs→t and Gt→s. The first network adapts
pose images from a variety of sources to pose images of
the target, while the second network does the opposite. We
denote P̃t and P̃s as the outputs of the networks:

{
P̃t

}
= Gs→t

(
{Kt}, {Psi}

)
, (4)

{
P̃si

}
= Gt→s

(
{Ksi},

{
Pt

})
. (5)

For brevity, images’ indices have been omitted. Using
the pose images of the source’s gait pattern, our method at-
tempts to generate pose images of the target while preserv-
ing its gait pattern. This domain adaptation is accomplished
by composing both Gs→t and Gt→s in a cyclic manner as
shown in the following:

P̃si = Gt→s

(
Ksi ,Gs→t

(
Kt,Psi

))
, (6)

P̃t = Gs→t

(
Kt,Gt→s

(
Ksi ,Pt

))
. (7)

The output pose image P̃t (i.e. Gs→t (K
t,Psi))are used

to generate the requested appearance by pose-to-appearance
network GM :

Ĩti = GM

(
Pt

i

)
. (8)

3.1.6 Self and Cross-Attention

The attention layer at the attention block is one of the core
components of the Transformer. A detailed explanation of
the self- and cross-attention and visualizations can be found
in the Supplementary Materials. Figure 4b visualizes the
attention mechanism.

3.1.7 Gait Cycle

We do not use positional encoding due to the cyclic pat-
tern of gait [36]. The gait cycle can be defined as the time
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(a) Keys

(b) Attention

Figure 4: (a) Samples of the Keys (centroids) Kt
k that were

used. (b) A visual demonstration of our attention mecha-
nism.

interval between two successive occurrences of one of the
repetitive phases of locomotion [2]. Here, we demonstrate
the periodicity of the movement as expressed by the cross-
attention patterns along time for the Keys. Figure 5 shows
the cross-attention of Key 0 (top) and Key 1 (bottom) over
time. As can be seen, the gait cycle is evident.

3.2. Optimization and Loss Functions

We use the following loss functions in our training:

ℓcycle = λidtℓidt + λadvℓadv + λcycℓcyc + λperℓper, (9)

where λidt, λadv , λcyc and λper are the weights of the
losses. The identity loss function ℓidt is used to ensure that
the cyclic mapping preserves the mapping from a pose im-
age to itself. We use L1 loss function.

ℓidt = L1

(
Gs→t

(
Pt

)
,Pt

)
+ L1 (Gt→s (P

s) ,Ps) . (10)

Figure 5: Attention power vs. time.

Following CycleGAN [51] and ReCycleGAN [5] we use
the same adversarial loss ℓadv , in which two discriminator
networks Ds→t and Ds→t are learned as a part of the train-
ing process.

In the same manner as GAN [19] architectures, we
use the generator and discriminator Gs→t, Gt→s Ds→t and
Dt→s. In our training process, we use the L2 as the objec-
tive loss function of the adversarial loss ℓadv .

ℓadv = L2 (Ds→t (Gs→t (P
s)) ,0) + L2

(
Ds→t

(
Pt

)
,1
)

+L2

(
Dt→s

(
Gt→s

(
Pt

))
,0

)
+ L2 (Dt→s (P

s) ,1)
,

(11)

where 0 and 1 are matrices of zeros and ones
with the same dimensions as Ds→t (Gs→t (P

s)) and
Dt→s (Gt→s (P

t)).
The cycle loss function ℓcyc which is the main core of

the cycle GAN process is defined as:

ℓcyc = L2 (Gt→s (Gs→t (P
s)) ,Ps)

+L2

(
Gs→t

(
Gt→s

(
Pt

))
,Pt

)
.

(12)

The perceptual loss ℓper measures the difference be-
tween feature vectors of a real image and a generated one:
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Figure 6: Pre-processing procedure - From left to right: 1.
Original image. 2. Cropped and centered image. 3. Pose
image (IUV - DensePose format). 4. Masked image, cre-
ated from the I part of the IUV image

ℓper = L1 (V GG16 (Gt→s (Gs→t (P
s))) , V GG16 (P

s))

+L1

(
V GG16

(
Gs→t

(
Gt→s

(
Pt

)))
, V GG16

(
Pt

)).
(13)

We use a pre-trained VGG model [37, 31] to extract the
feature vectors. VGG model is pre-trained on three layers
of RGB, whereas we use four layers (IUVA), we therefore
measured the perceptual loss of the IUV and the alpha chan-
nels separately.

4. Experiments
4.1. Dataset

We use CASIA-A [42], which is a widely-used gait
recognition dataset [25, 15, 3, 18]. It includes twenty sub-
jects. Each subject has twelve image sequences that were
captured from three different viewpoints, resulting in four
instances for each of the viewpoints (denoted by 001, 002,
003 and 004). Overall, there are a total of 240 video se-
quences with a resolution of 352x240 and 19,139 images.

We remove the background from the original CASIA-A
images by using DensePose [20]. The input to our model is
four-channel images (RGBA). In each frame, we extract the
binary mask for the subject and attach it to the RGB image
as an alpha channel. The images are cropped and centered
around the object to create 256x256 canvases. See Figure 6
for examples.

4.2. Implementation Details

The networks are implemented using Pytorch [31] and
were trained on a single NVidia 2080Ti GPU. We train the
model with Adam optimizer with β1 = 0.5 β2 = 0.999
over 20 epochs. The initial learning rate is set to 2e − 4,
for 5 epochs followed by a linear decay to zero over 15

more epochs. The same configurations and parameters are
used for all models (FT ,FS ,HT ,HS ,ES ,DS ,ET ,DT and
Ds→t,Dt→s). In order to represent temporal relations more
effectively, we use three consecutive frames as a mini-batch.
Our augmentations include a small magnification (from 256
to 272) and random cropping.

A detailed description of our architecture can be found
in the Supplementary Materials.

4.3. Baselines

The baselines are state-of-the-art methods for motion re-
targeting, V2V [44] and EDN [10]. The models are adapted
to include an alpha channel as well. EDN is adjusted to
work with IUVA (IUV + alpha channel), whereas the V2V
model is already optimized for DensePose images, so only
one more channel is needed. We train V2V and EDN ac-
cording to their protocol with the default parameters.

We evaluate the following approaches to assess CTr-
GAN’s contribution: (a) direct - using trained baselines to
map directly from pose to appearance. (b) ours - we use
CTrGAN to generate the pose images, then use the base-
lines to render the appearance.

4.4. Metrics

Gait quality. We evaluate our results by gait recogni-
tion models GaitSet [11], GaitGL [28] and GaitPart [16],
implemented by the OpenGait [17] package.

We report target-accuracy - the percentages of times the
gait recognition model identifies the generated gait as the
target’s gait. Given a set of reference videos {Isi} and a
generated video Ig, the goal is to find the reference video
in which the gait pattern is the most similar. For that, ref-
erences videos are ranked according to their distance from
Ig:

Dsi,g = ∥M(Isi)−M(Ig)∥2, (14)

where M is the specific model. The most similar refer-
ence video is considered as the one with the highest top-3
(minimum distance) frequency Isi∗. The identified gait is of
the subject in Isi∗ and the recovered distance is Dsi∗,g . In
our case the generated video Ig is GM (Gs→t (P

g)), where
GM is the pose to appearance model that is in use (e.g.
V2V).

We train the models on all the subjects and half of the
CASIA-A videos.

Appearance quality. We use the following metrics to
evaluate our appearance quality: Inception Score (IS)[34],
Structural Similarity (SSIM) [46], Perceptual Image Patch
Similarity (LPIPS), [50] and Frechet Inception Distance
(FID) [22].

FID and IS metrics measure statistical differences be-
tween sets of images and not directly between individual
images. However, SSIM and LPIPS evaluate the generated
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image based on a single, ground truth image. Due to the fact
that the generated synthetic image Ĩti in our test set can be
derived from an unseen source’s pose, a ground-truth image
Iti is not always available. We therefore use the Chamfer
Distance [6] to recover the nearest ground truth image from
the reference video sequence {Irk}:

ECD =
1

N

N∑
i=1

min
k

Q(̃Iti , I
r
k), (15)

where Q represents our quality metrics, SSIM or LPIPS.
All methods are compared using ECD, both ours and others.

Pose retargeting quality. To estimate the extent to
which the basic motion of the source is transferred to the
target, the intersection over union (IoU) of the binary sil-
houettes of the source and target is used. The binary sil-
houette S(PA

k ) of subject A in frame k is generated from
the alpha channel of its IUVA image Iα with a threshold of
max(Iα)−min(Iα)

2 .
Given two sequences A and B with M and N frames

respectively, we calculate the average IoU between them
according to:

R(A,B) =
1

MN

M∑
j

N∑
k

IoU(S(PA
j ),S(PB

k )). (16)

We report R where A is the generated target and B is
the source, and when A is the generated target and B is its
original sequence.

4.5. Experiments

4.5.1 CTrGAN successfully generates the gait of the
target.

We train our model on thirteen subjects and use the remain-
ing seven for testing. For each subject, both the training
and test sets include two video sequences. In this way, we
can include in our evaluation cases where sources were not
available during training.

For the test set, we generate video sequences for the
trained subjects. We deploy all subjects in the dataset as
sources, including those not included in the training set. We
test the ability to identify the generated gait as the target’s
gait by the gait recognition models, before and after apply-
ing our approach. Our results demonstrate that our approach
can generate a more realistic gait for the target by an order
of magnitude than previous methods.

Table 1 presents our main results, the target-accuracy for
V2V and EDN. In all the tables, bold represents the best
result. The top of the table shows the baselines applied di-
rectly to the pose of the source. At the bottom of the table,
CTrGAN generates the poses of the target before applying

Method Model GaitPart GaitSet GaitGL

- EDN 16.94 29.44 16.67
V2V 3.89 3.61 4.17

ours EDN 18.89 62.78 36.39
V2V 84.72 56.67 68.06

Table 1: The target-accuracy ↑. The top row is before and
the bottom row is after applying CTrGAN to generate the
poses. Our approach significantly improves the ability to
generate the target’s gait, up to approximately ×21 than ex-
isting methods (GaitPart+V2V).

(a) Before (b) After

Figure 7: GaitSet’s distance matrix for subject three (the tar-
get) in the training set before and after applying our method.
The darker the color the lower the value. It can be seen that
before deploying our model, GaitSet easily distinguishes
between the generated and real gait and can identify the true
sources. After applying our approach, GaitSet identifies for
most of the cases the generated gait as the real gait of sub-
ject three.

the baseline methods. It can be seen that for all the meth-
ods, CTrGAN significantly improves the ability to gener-
ate the natural gait of the target. All models have failed to
recognize the gait of the target in the case of V2V with-
out CTrGAN. This implies that indeed, V2V can accurately
mimic the movements of the source by the target, in accor-
dance with its original goal. On average, the generated gait
rendered by V2V is approximately 17 times more likely to
match the target’s gait when using our method.

Figure 7 shows the GaitSet’s distances for subject num-
ber three (the target) with respect to all the twenty sub-
jects in the dataset (the sources). Dark colors represent
low values, whereas light colors represent high values. The
lower the distance, the more similar the gait in the refer-
ence sequence is to that in the generated sequence. Figure
7a presents the distance matrix for the V2V method in the
direct approach. It can be seen that GaitSet is able to accu-
rately recognize the sources for all the generated sequences.
Figure 7b presents the results for V2V after applying our
CTrGAN to generate the poses. For the vast majority of
the sequences, GaitSet recognizes the generated gait of the
target (subject three) as the real gait.
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Features
Model Attention Encoder Decoder Target-accuracy ↑

mechanism self-attention self-attention
Cycle Only ✗ ✗ ✗ 5.28
+ Attention ✓ ✓ ✗ 66.21
+ Time-Attention ✓ ✓ ✓ 69.82

Table 2: The target-accuracy of several CTrGAN configurations.

Method Model SSIM LPIPS FID↓ IS↓
[CD] ↑ [CD]↓

-
EDN 0.890 0.072 55.79 0.0025
V2V 0.901 0.063 53.131 0.0010

ours
EDN 0.870 0.101 83.67 0.0030
V2V 0.909 0.055 52.89 0.0009

Table 3: Appearance quality.

Table 3 shows the appearance quality of the different
approaches when deploying pose to appearance networks,
with and without CTrGAN. Without CTrGAN, the appear-
ance metrics are similar across the different methods. CTr-
GAN slightly increases the appearance quality for V2V but
overall the metrics are comparable. It is expected as the
key contribution of CTrGAN is the generation of poses that
can naturally be attributed to the target rather than improv-
ing the rendering mechanism of an existing pose. A pos-
sible explanation for the slight improvement could be that
the generated poses by CTrGAN match more naturally the
target’s appearances that need to be rendered.

The average pose retargeting quality obtained by apply-
ing eq. (16) to all the sequences of the generated targets
and the sequences of their corresponding sources is 0.8677.
The average pose retargeting quality obtained by apply-
ing eq. (16) to all the sequences of the generated targets
and their original sequences before applying CTrGAN is
0.6325. It is evident that CTrGAN transforms the pose’s sil-
houette of the target to be very similar to the source poses’
silhouette.

In the Supplementary Material, we show that existing
motion transfer methods retain the gait pattern of the source.

4.5.2 Temporal attention improves accuracy.

Table 2 shows the effect of the different components of CTr-
GAN on the final results. We employ V2V as our pose-
to-appearance network and evaluate the average target-
accuracy over all gait recognition models. It can be seen that
CycleGAN architecture on its own is not sufficient in order
to generate natural poses of the target. Adding encoder self-
attention and cross-attention between the image sequence

and the keys using the decoder produces significantly more
natural poses. A further improvement is obtained when the
decoder self-attention is added, which takes advantage of
the temporal relations within the sequence. Additional de-
tailed comparisons can be found in the Supplementary Ma-
terials.

5. Detecting Gait Transfer

It is imperative to carefully consider the implications of
our method, particularly in light of recent events that are oc-
curring, where misinformation is being used systematically.
In introducing the gait transfer problem, we hope to increase
awareness of this important issue. We investigate methods
for detecting generated gait transfer videos as a first step to-
wards preventing misuse of our approach. In order to iden-
tify videos created by our model, we train an appearance-
based detector. Choosing an appearance-based detector is
practical since the key contribution of our approach is the
generation of natural gait patterns whereas the appearance
quality is comparable to that of existing motion transfer
methods. Our detector classifies videos as either real or
generated. The dataset includes both original and generated
images of a walking person in an outdoor environment. We
use 75 percent of the subjects for training and 25 percent
for testing. The deployed model is ResNet152[21]. Us-
ing transfer learning, the last FC layer of the model trained
on ImageNet is replaced with one that is adapted for two
classes, which is fine-tuned on the training data. We achieve
an average detection accuracy of 96.2% for held-out target
subjects.

6. Conclusion

We introduce a novel approach for gait transfer based on
unconstrained videos in-the-wild. We propose quantifiable
metrics to better evaluate the quality of the transfer. We
present CTrGAN, a novel Transformer-based architecture.
Our model cycles between domains by using a series of im-
ages and includes self-, cross-, and temporal-attention. We
introduce an appearance-based detector and show that it can
be highly accurate. Using our approach, we obtained state-
of-the-art results.

378



References
[1] Kfir Aberman, Yijia Weng, Dani Lischinski, Daniel Cohen-

Or, and Baoquan Chen. Unpaired motion style transfer from
video to animation. ACM Transactions on Graphics (TOG),
39(4):64, 2020.

[2] Aliakbar Alamdari and Venkat N Krovi. A review of com-
putational musculoskeletal analysis of human lower extremi-
ties. Human Modelling for Bio-Inspired Robotics, pages 37–
73, 2017.

[3] Milene Arantes and Adilson Gonzaga. Human gait recog-
nition using extraction and fusion of global motion features.
Multimedia Tools and Applications, 55:655–675, 2010.

[4] Hadar Averbuch-Elor, Daniel Cohen-Or, Johannes Kopf, and
Michael F Cohen. Bringing portraits to life. ACM Transac-
tions on Graphics (TOG), 36(6):1–13, 2017.

[5] Aayush Bansal, Shugao Ma, Deva Ramanan, and Yaser
Sheikh. Recycle-gan: Unsupervised video retargeting. In
Vittorio Ferrari, Martial Hebert, Cristian Sminchisescu, and
Yair Weiss, editors, Computer Vision - ECCV 2018 - 15th
European Conference, Munich, Germany, September 8-14,
2018, Proceedings, Part V, volume 11209 of Lecture Notes
in Computer Science, pages 122–138. Springer, 2018.

[6] Harry G. Barrow, Jay M. Tenenbaum, Robert C. Bolles, and
Helen C. Wolf. Parametric correspondence and chamfer
matching: Two new techniques for image matching. In IJ-
CAI, pages 659–663, 1977.

[7] Tom Brown, Benjamin Mann, Nick Ryder, Melanie Sub-
biah, Jared D Kaplan, Prafulla Dhariwal, Arvind Neelakan-
tan, Pranav Shyam, Girish Sastry, Amanda Askell, Sand-
hini Agarwal, Ariel Herbert-Voss, Gretchen Krueger, Tom
Henighan, Rewon Child, Aditya Ramesh, Daniel Ziegler,
Jeffrey Wu, Clemens Winter, Chris Hesse, Mark Chen, Eric
Sigler, Mateusz Litwin, Scott Gray, Benjamin Chess, Jack
Clark, Christopher Berner, Sam McCandlish, Alec Radford,
Ilya Sutskever, and Dario Amodei. Language models are
few-shot learners. In H. Larochelle, M. Ranzato, R. Hadsell,
M. F. Balcan, and H. Lin, editors, Advances in Neural Infor-
mation Processing Systems, volume 33, pages 1877–1901.
Curran Associates, Inc., 2020.

[8] Zhe Cao, Tomas Simon, Shih-En Wei, and Yaser Sheikh.
Realtime multi-person 2d pose estimation using part affinity
fields. In Proceedings of the IEEE conference on computer
vision and pattern recognition, pages 7291–7299, 2017.

[9] Nicolas Carion, Francisco Massa, Gabriel Synnaeve, Nicolas
Usunier, Alexander Kirillov, and Sergey Zagoruyko. End-to-
end object detection with transformers. In Andrea Vedaldi,
Horst Bischof, Thomas Brox, and Jan-Michael Frahm, edi-
tors, Computer Vision - ECCV 2020 - 16th European Confer-
ence, Glasgow, UK, August 23-28, 2020, Proceedings, Part I,
volume 12346 of Lecture Notes in Computer Science, pages
213–229. Springer, 2020.

[10] Caroline Chan, Shiry Ginosar, Tinghui Zhou, and Alexei A
Efros. Everybody dance now. In IEEE International Confer-
ence on Computer Vision (ICCV), 2019.

[11] Hanqing Chao, Yiwei He, Junping Zhang, and Jianfeng
Feng. Gaitset: Regarding gait as a set for cross-view gait

recognition. In The Thirty-Third AAAI Conference on Artifi-
cial Intelligence, AAAI 2019, The Thirty-First Innovative Ap-
plications of Artificial Intelligence Conference, IAAI 2019,
The Ninth AAAI Symposium on Educational Advances in Ar-
tificial Intelligence, EAAI 2019, Honolulu, Hawaii, USA,
January 27 - February 1, 2019, pages 8126–8133. AAAI
Press, 2019.

[12] Mickael Cormier, Houraalsadat Mortazavi Moshkenan,
Franz Lörch, Jürgen Metzler, and Jürgen Beyerer. Do as we
do: Multiple person video-to-video transfer. In 4th IEEE In-
ternational Conference on Multimedia Information Process-
ing and Retrieval, MIPR 2021, Tokyo, Japan, September 8-
10, 2021, pages 84–90. IEEE, 2021.

[13] Adrian Cosma and Ion Emilian Radoi. Wildgait: Learning
gait representations from raw surveillance streams. Sensors,
21(24):8387, 2021.

[14] Alexey Dosovitskiy, Lucas Beyer, Alexander Kolesnikov,
Dirk Weissenborn, Xiaohua Zhai, Thomas Unterthiner,
Mostafa Dehghani, Matthias Minderer, Georg Heigold, Syl-
vain Gelly, Jakob Uszkoreit, and Neil Houlsby. An image
is worth 16x16 words: Transformers for image recognition
at scale. In 9th International Conference on Learning Rep-
resentations, ICLR 2021, Virtual Event, Austria, May 3-7,
2021. OpenReview.net, 2021.

[15] Murat Ekinci and Murat Aykut. Human identification using
gait. 2006 IEEE 14th Signal Processing and Communica-
tions Applications, pages 1–4, 2006.

[16] Chao Fan, Yunjie Peng, Chunshui Cao, Xu Liu, Saihui Hou,
Jiannan Chi, Yongzhen Huang, Qing Li, and Zhiqiang He.
Gaitpart: Temporal part-based model for gait recognition. In
2020 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition, CVPR 2020, Seattle, WA, USA, June 13-
19, 2020, pages 14213–14221. Computer Vision Foundation
/ IEEE, 2020.

[17] Chao Fan, Chuanfu Shen, and Junhao Liang. Opengait.
https://github.com/ShiqiYu/OpenGait, 2022.
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